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INTRODUCTION 

Disuse invites dysfunction, while use favors function. At the most fundamental 
1 eve1 , use connotes viability and activity promotes productivity. Confinement to 
enforced inactivity and immobility for a prolonged period of time results in 
numerous undesirable physiologic changes, including a decline in cardiovascular 
fitness, increase in body fat, decrease in lean body mass, loss of bone density, 
increase in plasma lipids, decline in glucose tolerance and deterioration in 
cognitive-motor function, memory and mental acuity. This profile of inactivity is 
similar to physiologic changes thought to occur with aging. 

Aging is associated with a decline in time spent physically active - a behavior 
"forced" upon many individuals due to their changing lifestyle of increased work 
stresses, more family obligations and greater fatigue. It follows therefore, 
that the reverse, a heightened degree of physical activity and fitness, may 
confer protection or prevent 'declines in functional capacity. With aging, 
regular physical activity may make it easier to participate in activities of 
daily living, thereby prolonging an active, functional independent lifestyle. 
Thus, for some older individuals the sequellae of physical inactivity may mimic 
disease. Enforced physical activity may reverse. this process; such an outcome 
would reenforce the causal relationship between reduced physical activity habits 
and the declines in functional reserve capacity commonly observed with advancing 
age. 

RESEARCH IN GERONTOLOGY 

Bioloqical Aqinq and Declines in Functional Reserve Capacity 

The empirical approach to defining the effects of aging in humans has been to 
focus on time-related declines in organ function. These declines are commonly 
attributed to a biological aging process; yet, closer inspection of the available 
information indicates that there is a wide variance in the functional status of 
individuals and that this diuversity in function increases with advancing age. 
Unlike diseases which affect certain individuals, the aging process is universal 
and results in gradual decline in the functional reserve capacity (defined as the 
difference between basal and maximal function) of the cardiovascular, endocrine, 
musculoskeletal, and other systems and changes in body composition and may be 
considered a normal part of the human life experience. While it can be argued 
that qualitative and quantitative differences in the organ function of older 
individuals reflect heterogeneity in individual rates of aging w se, an 
alternative hypothesis is that diversity in physiologic function is due to the 
influence of extrinsic factors and diseases that covary with biological age to 
affect functional reserve capacity in older humans. To what extent the rate of 
decline and ability to maintain function into older age is dependent on factors 
extrinsic to the aging processes is not known. Some of these extrinsic factors 
may be classified as the purported lifestyle habits of physical activity, dietary 
control of body weight and saturated fat consumption, and abstinence from 
cigarettes and alcohol. 
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The risk for declines in functional capacity of various organs with aging may be 
exaggerated and the prospects for reversal, delay or prevention of functional 
loss with aging vastly underestimated. An examination of the effects of treating 
disease and its consequences, maintaining regular physical activity habits, and 
controlling body weight by dietary discretion on the functional reserve capacity 
of the aging human being is necessary in order to understand the health-related 
consequences of biological aging itself. The impact of diseases and purported 
age-associated declines in physical activity increases in body weight, 
indiscretions in diet, stresses of psychosocial or socioeconomic nature and 
personal habits of alcohol consumption and cigarette smoking, which occur with 
advancing age on the overall functional performance of the human being is 
probably underestimated. 

Disease and Declines in Functional Reserve Caoacity with Aqinq 

Susceptibility to disease increases with advancing age and available evidence 
suggests that vulnerability to a number of chronic diseases (and subsequent 
disease-related declines in function) can be attenuated by changing lifestyle 
habits. For example, reducing body weight lowers risk for non-insulin dependent 
or type II diabetes; a low fat, low cholesterol diet reduces risk for coronary 
artery disease; smoking cessation reduces risk for lung cancer and heart attacks; 
a low salt diet reduces blood pressure and risk for stroke; and avoidance of 
excess sun lowers the incidence of skin cancer. There is a consistent 
relationship between physical activity status and the incidence of coronary 
artery disease that is comparable in magnitude to that related to serum 
cholesterol, smoking >l pack/day of cigarettes and systolic hypertension (1). 
Physical exercise also is associated with a lower risk factor profile (lower 
lipids, better blood pressure and glucose tolerance, elevated high density 
lipoprotein cholesterol) for coronary artery disease (2). The interaction among- 
diseases, lifestyle variables, and putative aging makes it difficult to assesf" 
the effects of each of these processes on the overall functional capacity of the 
aging human being unless the influence of all the factors on functional capacity 
are delineated or controlled while the physiologic effects of one single process 
are measured. This is not always feasib1.e because change in one usually alters 
the others, thereby limiting the ability to distinguish the physiological effects 
of each process independently. 

One approach to studying the effects of extrinsic variables on age-related 
declines in organ function might be to first differentiate the effects of disease 
from those of biological aging. To identify the effects of one disease is not 
difficult when clinical signs and symptoms of other diseases are not present; 
however, the effects of asymptomatic disease can be easily overlooked and may 
cause substantial functional impairments. Furthermore, the effects of several 
diseases on functional capacity can be synergistic. 

Arteriosclerosis is the main disease process which correlates directly with 
biological age, and has the greatest impact on cardiovascular function and 
longterm survival in the elderly (3). Asymptomatic coronary disease was probably 
responsible for the decline in the peak exercise ejection fraction below resting 
levels in 72% of apparently healthy volunteers over 60 yrs of age (4). The 
coexistence of wall motion abnormalities in 50% of individuals older than 70 
years of age with an abnormal ejection fraction response to exercise suggests 
that regional ischemia was indeed present. In contrast, during maximal cycle 
exercise there was neither a decline in the ejection fraction below resting 
levels nor were there regional wall motion abnormalities in normotensive older 
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subjects intensively screened for coronary artery disease by exercise thallium 
scintigraphy (5). This suggests that biological aging per se does not reduce 
cardiac function in older individuals who are properly screen for cardiovascular 
disease. Hypertensive disease also has, a substantial effect on cardiac 
performance by increasing arterial stiffness and pressure, pulse wave velocity 
and left ventricular wall thickness, decreasing the early diastolic filling rate 
and prolonging ventricular relaxation (6). There is a 25% increase in left 
ventricular wall thickness and a 50% reduction in early diastolic filling rate at 
rest between the third and ninth decades in clinically normotensive individuals 
(7,8); thus, hypertension might accelerate age-related changes in cardiac 
function. This would increase after-load in the aging heart, alter the pulsatile 
component of external cardiac work, reduce arterial distensibility and raise 
systolic arterial blood pressure, pulse wave velocity and peripheral vascular 
resistance. Physical conditioning modestly lowers both systolic and diastolic 
blood pressure, and reduces peripheral vascular resistance in hypertensive 
middle-aged patients (9), and increases stroke volume, cardiac output and left 
ventricular wall thickness without changing peripheral vascular resistance in 
normotensive younger subjects (10). Whether exercise training would increase 
arterial distensibility and reduce pulse wave velocity and systolic arterial 
pressure in older subjects is not known; but lower pulse wave velocity and 
systolic arterial pressure are common in cultures where levels of physical 
activity are high and the sodium content of diets are low (II). 

Rigorous screening for silent ischemia and hypertension at rest and by maximal 
treadmill exercise testing with electrocardiography and thallium scanning (12) 
can provide individuals free from coronary artery and other asymptomatic 
cardiovascular disease in which to study the physiological effects of exercise 
training, independent of disease, on cardiovascular and endocrine-metabolic 
functions in aging man. Using these techniques the prevalence of coronary artery 
disease in subjects over the age of 70 years was estimated to approach the post- 
mortem finding of greater than 70% narrowing of at least one major coronary 
artery in 40-60% of unselected hearts (13). Similarly, screening the older 
individuals for diabetes with the glucose tolerance test by the criteria of the 
National Diabetes Data Group (14,15) and for hyperlipidemia using criteria from 
the Lipid Research Clinics Prevalence Study (16,17) allows detection and 
exclusion of older people with generally accepted abnormalities in glucose and 
lipoprotein lipid metabolism who may be at high risk for asymptomatic disease or 
organ dysfunction. While disease causes demonstrable and clearly significant 
impairments in functional capacity, increased physical activity by raising 
aerobic capacity, lean body mass and energy level and reducing body fat can have 
a substantial impact on the functional status of the aging human being. 

Physical Activitv and Maintenance of Functional Reserve Capacity 

An emphasis on maintenance or improvement in functional capacity with advancing 
age has not been a major focus of gerontologic research. A substantial amount of 
information regarding the effects of aging on physiologic function is derived 
from cross-sectional studies which report declines in performance among different 
age groups. In the analysis of measurements of the various functional status 
within group data, there is substantial heterogeneity in the physiologic function 
of individuals within the various age groups. While mean data may show a decline 
in the functional reserve capacity among the elderly, there are older individuals 
with either minimal or no loss, and sometimes equal or even better functional 
capacity than that of the average younger person. This information has come to 
the forefront in evaluating the physiologic effects of factors extrinsic to 
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primary biologic aging, such as regular, intense physical activity, on functional 
reserve capacity. In master athletes, individuals over the age of 50 years who 
are very physically active, highly conditioned and compete regularly in athletic 
events, there is minimal loss in cardiovascular function with advancing age, and 
glucose tolerance, insulin sensitivity, and lipoprotein lipids are comparable to 
those of younger athletes (18-21). Master athletes, and other older individuals 
without specific pathologic linked losses in function commonly associated with 
disease, who have maintained functional reserve capacity comparable to younger 
counterparts might constitute that category of non-diseased elderly who have aged 
successfully (22). This suggests there are more important determinants of health 
than biological (as opposed to functional) age in disease-free older people. The 
role of these extrinsic factors or lifestyle behaviors, especially physical 
activity habits, as significant modulators of physiologic function in the elderly 
requires further evaluation. 

A profound effect of physical exercise training on cardiovascular, endocrine- 
metabolic and musculoskeletal function in younger individuals is now well 
recognized, and it is likely that many changes in functional reserve capacity 
that have been previously attributed to an "aging process" are in part due to the 
sedentary lifestyle and dietary indiscretion that accompanies advancing age. It 
is not known how much of an improvement in physiological function can be expected 
in response to varying levels of physical exercise in sedentary elderly subjects, 
nor is it known to what extent and under what conditions medically unsupervised 
physical activity can be recommended for healthy or disease-afflicted elderly. 
Further investigation is needed to understand the mechanisms by which aging 
affects physiologic responses to acute and long-term physical activity and to 
define the roles that physical conditioning can play in the promotion and 
maintenance of health and the prevention of diseases attributed to biological 
aging. 

The perspective gained in this area of gerontologic investigation will be limited 
if only cross-sectional data are examined, especially when all that is reported 
are mean data. Only through longitudinal investigations of medically defined, 
carefully selected cohorts can the impact of physical activity on the functional 
reserve capacity of aging humans be distinguished from other extrinsic factors, 
disease and biological aging itself. Several longitudinal studies examining the 
potential of exercise training to slow age-related declines in cardiovascular, 
musculoskeletal, bone-mineral, and glucose and lipoprotein lipid metabolism are 
currently supported by the National Institute on Aging. There are also studies 
in progre'ss to investigate the mechanisms by which physical exercise may improve 
the functional reserve capacity and the medical condition of elderly people 
afflicted with diseases such as coronary artery disease, hypertension, type II 
diabetes mellitus and osteoporosis. If the results of these studies are to 
provide insight into the efficacy of aerobic exercise as a therapeutic modality 
to improve the well-being of the rapidly expanding population of older people, 
the common experimental problems distinguishing confounding effects of aging, 
cohort, secular and time effects on the experimental measures must be considered 
and may require an age-time matrix type of study design (23). 

DEFINITION OF THE ISSUES 

The specific contributions of physical inactivity and deconditioning to the 
commonly observed declines in the functional reserve capacity of major organ 
systems with aging have not been thoroughly delineated. The maintenance of 
physical activity and conditioning status measured as maximal aerobic capacity 
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(the ability of the cardiovascular system to deliver blood and oxygen to working 
muscles and of exercising muscles to utilize the oxygen and energy substrate to 
perform work in response to a maximal exercise stimulus) (24) into older age may 
have substantial health and socioeconomic benefits for the elderly. The fact 
that high levels of maximal aerobic capacity (VO max) observed in selected master 
athletes are associated with improved metabolic f unction and the maintenance of a 
high level Of functional reserve capacity compared to their sedentary peers 
suggests that this is the case. Although maximal aerobic capacity is probably 
the best measure of physical work capacity and fitness in younger individuals, it 
may not be the only measure of organ performance or necessarily the best measure 
of functional reserve capacity in the elderly. Energy expenditure, measured as 
oxygen consumed, or other physiologic responses (hemodynamic, muscular, hormonal, 
cognitive-motor or otherwise) to submaximal isotonic work on a bicycle or 
treadmill, to an isometric (weight) stimulus, or to environmental and mental 
stressors are also important, useful measures of human performance. 

The goal of remaining physically active with advancing age is to delay the 
declines in functional capacity with aging. Not only does regular aerobic 
exercise maintain muscle strength, coordination, speed, endurance and agility, 
but it reduces body fat and other risk factors for coronary artery disease, 
heightens mental acuity, maintains self esteem and enhances quality of lifestyle. 
The rehabilitative capacity of regularly performed aerobic exercise also is 
demonstrated in human disease. Physical activity has improved physiological 
function and overall performance in some patients with ischemic coronary artery 
disease, hypertension, endstage renal disease, diabetes mellitus, weakness due to 
muscle wasting and depression. The salutary effects of physical conditioning on 
behavior include enhanced motivation, increased confidence in the ability to 
perform daily tasks and activities, successful return to a regular work schedule, 
and a heightened level of energy for activity; all presumed due to increased 
aerobic capacity. Such improvements could maintain the functional capacity of 
older people afflicted with disease, in spite of concomitant physical 
limitations. This suggests that regular physical activity may be a suitable 
mode of rehabilitation for older individuals with limited function due to disease 
and for maintaining the functional reserve capacity of the healthy elderly. 

If physical conditioning status is maintained by regular exercise, can age- 
associated declines in functional capacity be avoided? Can vigorous exercise 
successfully restore the declines in organ function and vulnerability to diseases 
and st,resses associated with aging? If so, how much exercise is needed? How 
often and at what intensity? Is there a threshold for activity or set point for 
V02max at which beneficial adaptations will occur or deteriorations ensue? Can 
the observations in master athletes with high levels of maximal aerobic capacity 
or in disease-afflicted individuals who regain functional capacity through 
regular physical activity be solely ascribed to exercise? Many questions need 
be answered regarding the potential for physical exercise to promote successful, 
healthy aging and to restore the functional capacity of those afflicted with 
disease. Substantial research is needed to understand the relationship of 
regular physical exercise and the maintenance of heightened aerobic capacity to 
the functional status of the aging human being. 

Major Areas Which Require Investiqation 

Evaluation of the potential role for regularly performed physical exercise 
in the prevention and/or reduction in the extent of age-related diseases 
and disorders in humans, and the determination of the exercise 
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prescription (type, frequency, intensity and duration) and magnitude of 
the increase in aerobic capacity required to produce these effects. 

Assessment as to whether or not there is a threshold for the increase in 
maximal aerobic exercise capacity required to achieve a specific 
functional reserve capacity. Are there different benefits for different 
degrees of exercise intensity? 

Investigation of the mechanisms by which regularly performed exercise 
increases cardiovascular, endocrine-metabolic, cerebral, and other organ 
function, maximal aerobic capacity, and the ability to work and function 
independently, and reduces risk factors for disease in the elderly. 

Measurement of the biological adaptations to increased exercise/physical 
activity in man in vivo at functional levels ranging from the whole body 
to the specific organ systems, tissues and to the cellular and molecular 
level, and the determination of the influences of advancing age onthese 
processes. 

Evaluation of whether or not maximal aerobic capacity (V02max) is the best 
measure of physical conditioning status, cardiovascular function and 
overall functional reserve capacity in the elderly. 

Determination whether functional declines with short- and long-term 
deconditioning are more rapid and of greater magnitude in older active 
individuals than in comparably conditioned younger individuals, and an 
assessment as to whether or not deconditioned older individuals are 
capable of rehabilitation to previous levels of performance after 
deconditioning. 

Assessment whether the recommendation for increased physical activity in 
older individuals is medically safe for healthy as well as disease- 
afflicted elderly. If affirmative, then studies are needed to develop 
guidelines for baseline medical evaluations and appropriate prescriptions 
(type, frequency, duration and intensity of activity) for exercise 
training older people that maximize the benefits of exercise while 
preventing injury. 

THE ELDERLY BE PHYSICALLY CONDITIONED? 

; of'the longitudinal studies documenting improvements in functional reserve 
icity with aerobic conditioning are in younger and middle-aged individuals; 
is-sectional comparisons in epidemiologic studies provide most of the 
Jrmation on the potential of physical exercise training to increase aerobic 
icity and improve functional reserve capacity in the elderly (2, 25-27). In 

few longitudinal studies examining the effects of exercise training on 
:ntary people over the age of 60 years, the training stimulus was of short 
ition and low intensity, and sample sizes were small. As a result, a 
;tantial change in maximal aerobic capacity was documented in some (28-30), 
not in other studies (31-33). These inconsistencies have limited the ability 

-each a conclusion about the trainability of older individuals (34). However, 
physiological results of longitudinal studies in which high intensity 

-cise was used to condition older individuals (30,35), the benefits achieved 
middle-aged and older patients with coronary artery disease (36), type II 
letes (37,38) and chronic renal disease (39) with participation in vigorous 
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aerobic exercise programs, and the observations in master athletes (18-21) 
support the view that exercise has the potential to improve functional capacity 
and prevent disease in the elderly. 

Several studies have attempted to determine the training intensity required to 
raise V02max substantially in older individuals. In an early study (28), 60% of 
people aged 60-79 yrs increased their aerobic capacity an average of 7% after 
participation in a 6 week walking and jogging program at an intensity of 40-50% 
of heart rate reserve. In another study, there were comparable increases in the 
peak VO max 

4 
of 60-70 year olds after 9 weeks of exercise at an intensity of 

either 7 or 70% Of VO2max (29). The most comprehensive study to date involved, 
a 6 month program of walking at 40% of heart rate reserve which increased V02max 
by 12% in 11 healthy subjects ages 65-+3 years (30,35); however, in spite of the 
rise in V02max during the lower intensity exercise, glucose and lipoprotein lipid 
metabolism did not improve. Subsequently, higher intensity exercise at 80-85% 
heart rate reserve for 6 months raised V02max an additional 18% and substantially 
improved hemodynamic, metabolic and pulmonary responses (30,35,40,41). It is not 
clear whether it was the duration or the intensity of the training stimulus which 
limited the improvement in the functional reserve capacity of these older 
subjects. Although the older individuals increased their VO max an additional 
18% in response to the vigorous aerobic exercise program, t e lower intensity i 
training stimulus was sufficient to improve cardiac performance, but not the 
metabolic function of these individuals. 
subjects at these lower intensities, 

While V02max increased in older 
higher intensity training programs and a 

more significant rise in maximal aerobic capacity over a longer time period might 
be required for older subjects to achieve .the metabolic improvements observed in 
younger and middle-aged subjects after endurance training (42-45). The high 
VO max 

6 
and associated cardiovascular and metabolic benefits achieved by master 

at letes who have trained intensely for a long period of time lends credence to 
this hypothesis (18-21,46,47). 

In some older subjects, the cardiovascular and metabolic adaptations to exercise 
programs may be significantly less than in younger individuals. This may reflect 
the presence of asymptomatic disease or irreversible changes in cardiac, 
respiratory and/or skeletal muscle structure and function in older subjects which 
limits the ability of the exercise stimulus to produce physiologic adaptations in 
the function of various organs comparable to those observed in healthy younger 
subjects (48,491. The suggestion that enhanced muscular adaptations, rather than 
increased cardiac output may be responsible for the greater oxygen extraction at 
maximal exercise in master athletes suggests that peripheral, not central 
adaptations are primarily responsible for their elevated VO max 

f 
(49). These 

changes in skeletal muscle structure and function may take onger to occur in 
older individuals. Whether or not endurance exercise can induce these peripheral 
adaptations in sedentary older individuals and raise their V02max to levels 
comparable to those found in younger individuals may require longterm 
longitudinal studies. 

The ability of master athletes to maintain high levels of VO2max and have glucose 
tolerance, insulin sensitivity, and plasma lipoprotein lipid levels comparable to 
those found in younger active individuals (18-21) suggests that maintenance of a 
high level of physical activity into older age can slow the decline in the 
functional reserve capacity of the cardiovascular and endocrine-metabolic systems 
previously attributed to biological aging (48). Preliminary results in several 
highly conditioned master athletes who began intensive physical exercise training 
in their 6th decade of life and in one who deconditioned for 10 weeks (V02max 
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declined from 53 to 39 ml/kg*min) suggest that these cardiovascular and metabolic 
adaptations are probably not inherited (50). 

In studies examining the effect of regular chronic wheel exercise on cardiac 
function in sedentary adult rats there was a mild augmentation in cardiac 
oxidative enzyme capacity and an attenuation of the age-related decline in 
myocardial calcium activated actomyosin ATPase activity. This indicates that 
exercise conditioning can partially reverse the decline in cardiac muscle 
oxidative capacity observed in aging sedentary rats (51), suggesting that the 
relative efficacy of chronic exercise to modulate myocardial performance is 
possible into older age, and apparent age-related declines in myocardial 
function, at least in rodents, can be reversed by physical conditioning. 

It is possible that the vigorous high intensity training program required to test 
the hypothesis that physical exercise will improve functional reserve capacity in 
the elderly may not be possible in all older individuals. The ability to 
condition some older individuals may be limited by obesity or coexistent diseas 
or other medical conditions. Obesity, defined as a body mass index >30 Kg/m 5 

(52) . associated 
arterio:Zlerosis (53) 

with hypertension, diabetes, hyperlipidemia and 
and an increased mortality from coronary heart disease 

(54). Thus, overweibht individuals are at increased risk for complications 
during exercise training and require careful screening for overt and asymptomatic 
disease prior to onset of exercise training. Furthermore, oxygen consumption and 
cardiac work are increased in overweight individuals during exercise (55), 
increasing risk for cardiovascular complications. Weight reduction prior to 
participation in a physical exercise program may reduce risk for complications 
during training and enhance the ability of overweight individuals to raise their 
maximal aerobic capacity. Simultaneous programs of weight reduction by 
hypocaloric feeding and behavior modification combined w'th physical exercise may 
be even more beneficial, since increased energy expenditure during exercise will 
enhance the caloric deficit produced by hypocaloric feeding (55,56). Preliminary 
results in healthy overweight, middle-aged and older men screened for occult 
coronary disease by maximal treadmill stress testing suggests that such a 
combined intervention promotes a greater reduction in adipose tissue mass than 
achieved either by hypocaloric feeding or exercise alone (57). Such an approach 
seems attractive if confounding extrinsic factors such as disease do not limit 
the exercise capacity of these sedentary, overweight individuals or place them at 
risk for injury. Thus, prior screening for disease, especially symptomatic and 
asymptomatic coronary artery disease by careful medical exam and exercise stress 
testing'with electrocardiography and thallium scans would provide a healthy 
population of older individuals at low risk for exercise-induced complications in 
which to test whether prolonged, intensive physical exercise in elderly 
individuals will cause cardiovascular, metabolic and other physiologic 
adaptations comparable to those seen in younger individuals. 

ARE AGE-RELATED DECLINES IN CARDIOVASCULAR FUNCTION MODIFIABLE BY PHYSICAL EXERCISE' 

The most effective test to evaluate the maximal functional capacity of the 
cardiovascular system is to measure maximal oxygen uptake during strenuous 
exercise. This test determines the capacity of the cardiovascular system to 
deliver oxygen to working muscles and for exercising muscles to utilize the 
oxygen to perform the work (24). Most of the studies examining the effects of 
aging on V02max are cross-sectional comparisons of the changes in physiologic 
responses to maximal exercise stress with age in active, but non-athletic men. 
They report a rather uniform average 10% per decade or 0.45 ml/kg*min per year 
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mean &cl 
master at 

ine in V02max from age 25-80 years (25,58). However, in highly trai;;: 

rate Of 
.hletes there was a decline in VO2max of only 5% per decade (18). 

decline in 
heterogeneous, 

VO max with advancing age in longitudinal studies is 
and depen ent on the physical activity status of the population 5 

studied. In subjects aged 40-72 years divided into active and inactive 
categories, the V02max of active men who jogged an average of 3 miles/week 
declined by much less rapidly than that of sedentary men (59). In men aged 40-60 
yrs old who ran an average of 25 km/week, there was no decline in V02max over a 
10 year period of follow-up (60). In a recent longitudinal study there was a 
decline in VO max of less than 2% per decade in highly conditioned master 
athletes aged 5 O-82 yrs who remained competitive and a significant 12% decline 
per decade in the V02max of those who ceased competition but remained highly 
active during the 10 year period (19). In that study, maximal heart rate and fat 
free mass decreased and percent body fat increased comparable amounts in both 
groups, suggesting that the competitive group either increased arteriovenous 
oxygen difference (i.e., muscular adaptations occurred) or raised stroke volume 
(i.e., cardiac adaptations occurred since maximal heart rate decreased) during 
the 10 year period of intensive training. Thus, while maximal heart rate 
declines with advancing age, it appears that highly conditioned elderly subjects 
without evidence cardiovascular disease can maintain their aerobic capacity by 
increasing muscle oxidative capacity (arteriovenous oxygen difference) and by 
increasing stroke volume and diastolic filling (Frank Starling mechanism) to 
compensate for the progressive decline in maximal heart rate with advancing age 
(46-49). In addition to the physiologic adaptations observed with regular high 
intensity endurance exercise in healthy conditioned older athletes, long term, 
high intensity aerobic training produces both cardiac and peripheral adaptations 
in middle-aged patients with ischemic heart disease (36,61,62). In these 
patients the peripheral adaptations also may be of greater significance then 
central (cardiac) ones, since left ventricular wall thickness, contractility and 
function during systole did not change (46). 

Thus, while maximal aerobic capacity declines with advancing age, this decline 
can be attenuated by central and peripheral circulatory adaptations. In highly 
conditioned master athletes there is a decline in V02max with advancing age that 
can be attributed to a decline in maximal cardiac output caused by the well- 
documented age-related decline in maximal heart rate (46-48). However, this can 
be attenuated by continued high intensity aerobic training (19). Thus, because 
of variability in lifestyle habits there may be diversity in VO2max and cardiac 
hemodynamics in elderly individuals such that some older individuals have a 
V02max'comparable to that of younger individuals. 

In addition to differences in the disease status, physical activity habits and 
body composition of older subjects, studies in disease-free older subjects 
indicate that there are at least three significant age-associated alterations in 
cardiac structure and function. These are a mild increase in left ventricular 
wall thickness (8,48), slowed and delayed ventricular relaxation (6,8), and 
diminished contractile performance during physical exercise (46,48). The first 
two age-related changes probably reflect a compensatory response to the increased 
workload imposed by vascular changes (increased peripheral vascular resistance), 
which increase pulse wave velocity and afterload. This increases the pulsatile 
component of external cardiac work and raises systolic arterial pressure (11). 
These changes are magnified in individuals with hypertension (6) and are an 
independent risk factor for cardiovascular mortality (63). The clinical 
relevance of the left ventricular hypertrophy observed with advancing age is not 
clear, but under conditions of acute volume overload or exercise stress may raise 
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ventricular and pulmonary pressures and increase shortness of breath. Physical 
conditioning profoundly affects the circulatory system in younger individuals by 
increasing stroke volume, decreasing peripheral vascular resistance, and 
increasing left ventricular mass (10,48); in older subjects it might also 
increase arterial distensibility, reduce pulse wave velocity and lower systolic 
blood pressure. The effects of physical conditioning on these processes are not 
known in older people. 

The third age-related change in cardiovascular function, a decline in maximal 
aerobic capacity, defined by the Fick equation as the product of cardiac output 
and arteriovenous oxygen difference during maximal exercise stress is dependent 
on the population studied, and age-related changes in the peripheral and central 
circulation (46-48). In disease-free individuals cardiac output, measured at 
peak oxygen consumption using the gated blood pool scan technique during cycle 
exercise to exhaustion, was maintained with advancing age (5,12). However, 
neither arteriovenous oxygen difference nor cardiac output or their determinants 
have been measured at VOZmax; and in preliminary studies evaluating the 
mechanisms regulating aerobic capacity in master athletes and sedentary older 
subjects, peripheral and not central adaptations seem responsible for the higher 
levels of V02max in highly conditioned master athletes (49). Other possible 
reasons for differences in V02max among older individuals may be the 
inappropriate normalization of oxygen consumption during maximal exercise stress 
to total body mass rather than to lean body mass since muscle mass decreases with 
advancing age (64,65) and the additive effects of the age-associated decline in 
blood flow to muscle during maximal exercise in elderly subjects (66). While 
there is a progressive decline in pulmonary function with advancing age that may 
be caused by effects of biological aging or environmental exposures and lifestyle 
(67,681, they do not seem to limit. exercise capacity in individuals without 
evidence of pulmonary disease because maximal ventilatory capacity is rarely 
achieved at V02max. Hence, the pulmonary system is usually not rate-limiting in 
exercise performance, although oxygen exchange in the lung may hinder performance 
during prolonged exercise. 

Thus, the health status and lifestyle habits of the individuals studied seem to 
have the most profound affect on cardiovascular performance during maximal 
exercise stress testing. Coronary artery disease, whether overt or asymptomatic 
has the most significant impact on cardiac function and screening out individuals 
with cardiovascular disease especially in older populations, dramatically alters 
cardiac performance (5,12,48). In healthy older individuals, screened for 
coronary>artery disease, differences in cardiac function may be primarily due to 
physical conditioning status. In the only study addressing this issue, both 
cardiac output and end diastolic volume were higher at the same level of exercise 
intensity after a 12 week aerobic training program, but end systolic volume did 
not change (69). The extent to which the peripheral (muscle mass, blood flow and 
oxygen extraction) and central (ventricular function, cardiac output, and oxygen 
exchange) factors determining maximal aerobic capacity (Fick Equation) differ 
among healthy elderly subjects with varied physical activity habits, and the 
effects of physical conditioning on these parameters is not known. 

ARE GLUCOSE AND LIPID METABOLISM MODIFIABLE BY PHYSICAL EXERCISE IN THE ELDERLY? 

Some of the alterations in glucose and lipoprotein metabolism which occur with 
advancing age predispose older people to *diabetes mellitus and hyperlipidemia 
U5,W, major risk factors for coronary artery disease, the leading cause of 
death in older Americans (3). If physical inactivity and a reduced aerobic 
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capacity are maJor determinants of the decline in metabolic function and increase 
in adiposity which predispose older individuals to develop atherosclerosis, then 
interventions which improve physical conditioning status and V02max should 
improve metabolism, reduce risk factors for atherosclerosis and decrease 
cardiovascular complications during stress. A better understanding of the 
effects of change in lifestyle habits on glucose and lipid metabolism with 
advancing age might have important health implications for reducing the 
prevalence of coronary artery disease and prolonging the survival of older 
individuals. 

A beneficial effect of physical conditioning on glucose and lipoprotein 
metabolism and body composition is recognized in younger and middle-aged 
individuals (2,26,27,42-45) and several studies indicate that similar changes 
occur in older subjects (28-30). The longitudinal studies in older individuals 
are few in number and most are descriptive, not mechanistic. Furthermore, 
changes in body fat and diet during training, the duration and intensity of the 
exercise, and the timing of the last exercise session relative to the performance 
of the research tests affect glucose and lipoprotein metabolism and may limit the 
ability to distinguish effects of physical conditioning per se from those of 
other extrinsic factors affecting metabolism. 

Declines in metabolic function with advancing age are highly variable, and in a 
substantial percentage of older subjects measures of lipoprotein lipids, glucose 
metabolism and body composition are comparable to those in younger subjects. The 
reduction in overall muscle mass and blood flow to muscle in elderly individuals 
contributes to the decline in metabolic function by decreasing muscle structure 
and function and reducing the peripheral utilization of substrates. Thus, while 
glucose utilization and lipoprotein turnover traditionally have been normalized 
to body weight or the pool size of a substrate, it may be appropriate to 
normalize these parameters for lean body mass and organ function in older 
individuals. 

Glucose Metabolism with Advancinq Aqe 

The 5 mg/dl deterioration in glucose tolerance per decade observed with advancing 
age is primarily caused by peripheral tissue resistance to the action of insulin 
(14,15). Studies using the glucose clamp technique indicate that at submaximal 
insulin concentrations both glucose disposal and the suppressibility of hepatic 
glucosg production by insulin on the average are reduced in older subjects 
despite normal insulin receptor binding (70-72). This raises plasma insulin 
levels and reduces glucose tolerance, both of which increase risk for accelerated 
atherosclerosis (73). Tissue responsiveness to insulin, defined as the glucose 
disposal rate at maximal insulin concentration, is normal in some and reduced in 
other elderly subjects depending on their degree of hyperinsulinemia and glucose 
intolerance. This suggests that in some older people there may be a post- 
insulin receptor defect in insulin action, yet this has not been examined 
directly at the cellular level. Other mechanisms, such as reduced insulin 
secretion (74) and increased levels of norepinephrine resulting in impaired 
insulin secretion and action (75), also may worsen glucose metabolism in older 
individuals. 

Cross-sectional data in master athletes (20) and sedentary younger and older 
individuals (38,42,43) suggest that the maintenance of high levels of physical 
activity into older age protects against the age-related deterioration in glucose 
tolerance and insulin sensitivity. In only one study examining the effects of 
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aging on glucose metabolism was VOzmax and percent body fat of the subjects 
measured directly (21); and there are no longitudinal studies of the effects of 
change in physical conditioning status and body fat on the mechanisms regulating 
glucose metabolism in older individuals. Thus, the relationship of physical 
conditioning status to glucose metabolism in older individuals, independent from 
hereditary factors and other extrinsic variables, is not known. 

Liooprotein Lipid Metabolism with Advancinq Ase 

The finding of elevated levels of high density lipoprotein cholesterol (HDL-C) 
and lower triglyceride and low density lipoprotein cholesterol (LDL-C) levels in 
master athletes that are comparable to those in athletic younger individuals 
suggests that physical conditioning may improve lipoprotein lipid metabolism and 
reduce risk for coronary artery disease in older individuals. There is little 
known about the regulation of lipoprotein metabolism in elderly subjects, but the 
impact of extrinsic factors, genetics and disease on metabolic function is 
substantial (76). For example, obesity and diets high in cholesterol and 
saturated fat lower HDL-C, raise LDL-C and increase plasma triglyceride levels 
(77,78). Alcohol intake (79), medications (80) and chronic diseases also have 
substantial effects on lipoprotein lipids, most of them undesirable. Chronic 
diseases, such as diabetes, renal and liver disease, common in elderly 
populations lower HDL-C and raise plasma LDL-C and triglyceride levels. These 
abnormalities in lipoproteins are associated with increased risk for 
atherosclerosis and coronary artery disease (16,76). If the presence of these 
conditions is undetected, lipoprotein lipid profiles will be altered independent 
of biological aging. 

Thus, the accurate study of the effects of physical activity on lipoprotein 
metabolism in older individuals requires rigorous screening to select healthy 
people of comparable body weight and diet without evidence of disease or genetic 
factors which affect lipoprotein metabolism. Such a design would distinguish 
the metabolic effects of exercise capacity from those erroneously attributed to 
biological aging per se. Studies of this type have not been performed in the 
elderly and might provide insight into the role of physical exercise programs in 
reducing risk for coronary artery disease in seniors. 

CAN AGE-RELATED LOSS OF BONE DENSITY BE PREVENTED BY PHYSICAL EXERCISE?. 

There is a progressive decline in bone density in both males and females with 
advancing age. These losses may be so severe in elderly females to result in 
fractures causing progressive disability, limited activity and substantial 
declines in functional capacity (81). Although biological aging is considered a 
major factor in the loss of skeletal bone, the effects of estrogen and vitamin D 
deficiency, physical inactivity, cigarette smoking and excessive alcohol also 
contribute to the development of osteoporosis in the elderly (81-84). In 
postmenopausal females the rate of loss in skeletal mass and bone density is 
greatly accelerated due to estrogen deficiency; however, this decline can be 
accelerated by the present of the aforementioned additional extrinsic risk 
factors which enhance osteopenia. 

Physical inactivity is one potentially modifiable factor contributing to the loss 
of skeletal integrity and bone density. A number of cross-sectional studies 
suggest that bone loss can be attenuated by physical exercise (84-86); thereby 
slowing the emergence of osteoporosis and reducing the heightened risk of bone 
fracture in the elderly. If estrogen is replaced in the postmenopausal female, 
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bone resorption will decrease; simultaneous weight bearing exercise may further 
augment bone accretion and increase bone mass (87). Estrogen administration (in 
the postmenopausal female), cessation of cigarette smoking, reduction in alcohol 
intake, dietary supplementation with vitamin D (and perhaps calcium) and other 
extrinsic factors may be additive with the effects of exercise to reduce the 
progression of osteopenia in the elderly. Although supplemental calcium 
administration alone or with estrogen does not increase bone density (88), its 
effects when administered during exercise are not known. 

The increase in muscle mass and strength, and enhancement of agility associated 
with physical exercise may substantially reduce the vulnerability of older 
individuals, especially postmenopausal women, to risks of bone fracture. While 
the 1984 Consensus Conference on Osteoporosis (89) recommended modest weight 
bearing exercise for the possible prevention of bone loss, closer inspection of 
the literature indicates that more information is needed (90). If it is decided 
which older individuals might benefit from physical activity, it will be 
necessary to determine the type, intensity and duration of the exercise program 
best suited to increase bone density; assess whether there are additional 
requirements for supplemental hormones, vitamins and minerals to maximize the 
effects of exercise; and develop measures of bone density and aerobic capacity to 
accurately evaluate the effects of exercise on bone-mineral metabolism. Many 
factors can affect the progression/remission of osteoporosis; hence the selection 
of subjects, size of the sample studied and method of randomization to treatment 
will be critical. 

ARE ADAPTATIONS TO ENVIRONMENTAL STRESS IMPROVED BY PHYSICAL EXERCISE? 

The ability to adapt to changes or stresses in the environment declines with 
advancing age. Older individuals are on the average less tolerant to extremes of 
temperature (91,92), more prone to orthostatic hypotension after rapid positional 
change (93) and more often remain tachycardic, hypertensive and fatigued after 
physical exertion than younger people (94). Tolerance to temperature and 
recovery from exhaustive exercise are improved in younger and middle-aged 
individuals after physical conditioning (95-97), but the results of exercise 
training on these responses are not known in the elderly. Paradoxically, exercise 
training worsens orthostatic tolerance in younger subjects (98,99), but the 
effects in older sedentary individuals with impaired baseline orthost;,tic 
tolerance are not known. Blood volume, blood flow and thermoregulation (swea ing 
and shivering) affect responses to these environmental conditions; tt,ese 
parameters have neither been measured in healthy older individuals nor related to 
maximal aerobic capacity, body.composition or diet. One would suspect that more 
physically active older individuals would be more tolerant to these stresses, but 
this requires investigation. 

SUMMARY AND FUTURE PROSPECTS 

There is evidence that regularly performed exercise may improve the quality of 
life and protect against the development of disease in elderly subjects. Several 
studies have shown that the functional reserve capacity of the cardiovascular, 
endocrine-metabolic and musculoskeletal systems can be maintained and/or improved 
by regular exercise in healthy, elderly subjects. Controlled longitudinal 
studies have shown that regularly performed exercise is associated with fewer 
risk factors for arteriosclerosis and coronary artery disease in middle-aged men 
and women and a few studies have documented similar effects in older subjects. 
Results in master athletes and in patients with disease support the hypothesis 
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that physical activity will improve the functional capacity of older people. 
More information is needed to determine the extent to which physical conditioning 
will benefit the elderly and type and quantity of regular exercise which should 
be prescribed for older populations. This can be achieved both by large scale 
longitudinal studies as well as by small short and long term evaluations in 
healthy and disease afflicted older subjects of the mechanisms by which exercise 
training improves functional capacity, reduces risk factors for arteriosclerosis 
and improves the quality of life. If it can be documented that exercise training 
slows or prevents the age-related deterioration in functional capacity and makes 
it easier for the elderly to complete activities of daily living with more energy 
and less fatigue, then regular exercise could be incorporated into programs of 
public health and preventive medicine as a means by which the productivity, 
independence, and active lifestyle of the aging population can be prolonged. 

In studying the effects of exercise on the functional reserve capacity of the 
elderly it will be important to determine the age, gender and clinical 
characteristics of the older subjects most likely to benefit. Guidelines for 
medical screening and baseline evaluations of functional reserve capacity will be 
needed to determine the exercise prescription most likely to achieve the desired 
physiologic result without risking injury to the older participant. This will 
require determination of the type, intensity, duration and frequency of exercise 
for each functional decline and risk factor which develops with advancing age. 
Standardized methods will be required to monitor physiologic responses to 
exercise, determine the rate of progression to higher levels of exercise and 
document the physiologic effects of the exercise program. Safeguards will be 
needed to maintain diet, drugs and other lifestyle habits constant to permit 
accurate assessment of the physiological effects of physical exercise. 

Progress in this area of investigation will require support for centers of 
excellence to perform large scale exercise studies to document the physiological 
effects of physical exercise, and its role in the prevention of disease, 
reduction in the utilization of health resources and improvement in the mental 
health and the quality of life of elderly populations (100). Longitudinal 
studies of this type would ultimately have sufficient data to determine the 
impact of exercise training on morbidity and mortality in the elderly and 
establish the relationship of physical activity to survival in healthy and 
disease-affected older individuals. 

REFERENBES 

1. Morbidity Mortality World Reports, Progress in Chronic Disease Prevention: 
Protective Effect of Physical Activity on Coronary Heart Disease 1987; 
36:426-429. 

2. Leon, AS. Physical Activity Levels and Coronary Heart Disease. Analysis 
of Epidemiologic and supporting studies. Med Clinics North America 1985; 
69:3-20. 

3. Levy RI. Declining mortality in coronary artery disease. Arterio- 
sclerosis 1981; 1:312-325. 

4. Port S, Cobb FR, Coleman RE, et al. Effect of age on the response of the 
left ventricular ejection fraction to exercise. New Eng J Med 1980; 
303:1133-1137. 

5. Rodeheffer RJ, Gerstenblith' C, Becker LC, et al. Exercise cardiac output 
is maintained with advancing age in healthy human subjects: Cardiac 
dilation in increased stroke volume compensate for a diminished heart 

C - 14 



6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

rate. Circul. 1984; 69:203-213. 
Lakatta EG. Do hypertension and aging have a similar effect on the 
myocardium? Circul. 1987; 75:69-77. 
Fleg JL. Alterations in Cardiovascular Structure and Function with 
Advancing Age. Am J Cardiol 1986; 57:33-44. 
Gerstenblith G, Frederiksen J, Yin FCP, et al. Echocardiographic 
assessment of a normal adult aging population. Circ 1977; 56:273-278. 
Seals DR, Hagberg JM. The effect of exercise training on human 
hypertension: a review. Med and Sci in Sports and Exercise 1984; 16:207- 
215. 
Blomqvist CG. Cardiovascular Adaptations to Physical Training. Ann Rev 
Physiol 1983; 45:169-189. 
Avolio AP, Fa-Quan D, We-Qiang L, et al. Effects of aging on arterial 
distensibility in populations with high and low prevalence of 
hypertension: Comparison between urban and rural communities in China. 
Circul. 1985; 71:202-210. 
Lakatta EG. Health, disease and cardiovascular aging. In: Health in an 
Older Society: Institute of Medicine and National Research Council, 
Committee on an Aging Society, The National Academy Press, Washington, DC, 
1985. pp: 73-104. 
Elveback L, Lie JT. Combined high incidence of coronary artery disease at 
autopsy in Olmstead County, Minnesota, 1950-1979. Circul. 1984; 70:345- 
349. 
Davidson MB. The effect of aging on carbohydrate metabolism: A review of 
the English literature and a practical approach to the diagnosis of 
diabetes in the elderly. Metabolism 1979; 28:688-705. 
Goldberg AP, Andres R, Bierman EL: Diabetes mellitus in the elderly. b: 
Principles of Geriatric Medicine, (eds. R Andres, EL Bierman, WR Hazzard), 
New York: McGraw Hill Inc., N.Y., 1985. pp. 750-763. 
Hazzard WR. Disorders of lipoprotein metabolism in aging. In: Principles 
of Geriatric Medicine, (eds. R Andres, EL Bierman, WR Hazzard), New York: 
McGraw Hill, Inc., 1985. pp. 764-775. 
LaRosa JC, Chambless LE, Criqui MH, et al. Patterns of dyslipoproteinemia 
in selected North American populations. Circul. 1986; 73:1-12. 
Heath GW, Hagberg JM, Ehsani AA, et al. A physiological comparison of 
young and older endurance athletes. J Appl Physiol 1981; 51:634-640. 
Pollock ML, Foster C, Knap D, et al. Effect of age and training on 
aerobic capacity and body composition of master athletes. J Appl Physiol 
1987; 62:725-731. 
Seals DR, Allen WK, Hurley BF, et al. Elevated high-density lipoprotein 
cholesterol levels in older endurance athletes. Am J Cardiol 1984; 
54:390-393. 
Seals DR, Hagberg JM, Allen WK, et al. Glucose tolerance in young and 
older athletes and sedentary men. J Appl Physiol 1984; 56:1521-1525. 
Rowe JW, Kahn RL. Human aging: Usual and successful. Science 1987; 
237:143-149. 
Elahi VK, Elahi D, Andres R, et al. A Longitudinal Study of Nutritional 
Intake in Men. J Gerontology 1983; 38:162-180. 
Astrand PO, Rodahl K. Textbook of work physiology. McGraw Hill, St. 
Louis, 1977. 
Buskirk ER, Hodgson JL. Age and aerobic power: the rate of change in men 
and women. Fed Proc 1987; 46:1824-1829. 
Kannel WM, Sorlie P. Some health benefits of physical activity: The 
Framingham Study. Arch Intern Med 1979; 139:857-861. 

c- 15 



27. 

28. 

29. 

30. 

31. 
32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

Paffenberger RS, Hyde RT, Jung DL et al. 
Coronary Hear t Disease. 

Epidemiology of Exercise and 
Clinics In Sports Medicine 1984; 3:297-318. 

DeVries, HA. Physiological effects of an exercise training regimen upon 
men aged 52-88. J Gerontol 1970; 25:325-336. 
Badenhop DT, Cleary PA, Schaal P, et al. Physiological adjustments to 
higher-or lower-intensity exercise in elders. Med Sci Sports Exercise 
1983; 15:496-502. 
Seals DR, Hagberg JM, Hurley BF, et al. Effects of endurance training on 
glucose tolerance and plasma lipid levels in older men and women. Jour 
Amer Med Assoc 1984; 252:645-649. 
Benested, AM. Trainability of old men. Acta Med Stand 1965; 178:321-327. 
Saltin B, Hartley LH, Kilbom A, et al. Physical training in sedentary 
middle-aged and older men. II. Oxygen uptake, heart rate, and blood 
lactate concentration at submaximal and maximal exercise. Stand J Clin 
Lab Invest 1969; 24:323-334. 
Suominen H, Heikkinen E, Liesen H, et al. Effects of 8 week's endurance 
training on skeletal muscle metabolism in 56-70 year old sedentary men. 
Eur J Appl Physiol 1977; 37:173-180. 
Holloszy JO. Exercise, health, and aging: a need for more information. 
Med Sci Sports Exer 1983; 15:1-5. 
Seals DR, Hagberg JM, Hurley BJ, et al. Endurance training in older men 
and women. I. Cardiovascular response to exercise. J Appl Physiol 1984; 
57:1024-1029. 
Ehsani AA, Heath GW, Hagberg JM, et al. Effects of twelve months of 
intense exercise training on ischemic ST-segment depression in patients 
with coronary artery disease. Circul. 1981; 64:116-1124. 
Goldberg AP, Phair RD, Krauss R, et al. Dyslipoproteinemia in type II 
diabetes: Metabolic effects of exercise training. J Amer Co11 Nutr 1985; 
4(3):308-309. 
Koivisto VA, Yki-Jarvinen, DeFronzo, RA. Physical Training and Insulin 
Sensitivity. Diabetes/Metabolism Reviews 1986; 1:445-482. 
Goldberg AP, Geltman EM, Hagberg JM, et al. The therapeutic benefits of 
exercise training for hemodialysis patients. Kidney Intl 1983; 24:S303- 
309. 
Seals DR, Hurley BF, Schultz J, et al. Endurance training in older men 
and women II. Blood lactate response to submaximal exercise. J APP~ 
Physiol: 1984; 57:1030-1033. 
Yerg JE, Seals DR, Hagberg JM, et al. The effect of endurance exercise 
training on ventilatory function in older individuals. J Appl Physiol 
1985; 58:791-794. 
Rdsenthal M, Haskell WL, Solomon R, et al. Demonstration of a 
relationship between level of physical training and insulin-stimulated 
glucose utilization in normal humans. Diabetes 1983; 32:408-412. 
Hollenbeck CB, Haskell W, Rosenthal M, et al. Effect of Habitual Physical 
Activity on Regulation of Insulin Stimulated Glucose Disposal in Older 
Males. 3 Amer Ger Sot 1985; 33:273-277. 
Wood PD, Haskell WL. The effect of exercise on plasma high density 
lipoproteins. Lipids 1979; 14:417-427. 
Wood PD, Haskell WL, Blair SN, et al. Increased exercise level and plasma 
lipprotein concentrations: A one year, randomized controlled study in 
sedentary, middle-aged men. Metabolism 1983; 32:31-39. 
Ehsani, AA. Cardiovascular adaptations to exercise training in the 
elderly. Fed Proc 1987; 46:1840-1843. 
Hagberg, JM. Effect of training on the decline of V02max with aging. Fed 
Proc 1987; 46:1830-1833. 

c -16 



48. 

49. 
50. 
51. 

52. 

53. 

54. 

55. 
56. 

57. 
58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 
69. 

70. 

71. 

72. 

73. 
74. 

75. 

Gerstenblith G, Renlund DG, Lakatta EG. Cardiovascular response to 
exercise in younger and older men. Fed Proc 1987; 46:1834-1839. 
Fleg J, Gerstenblith G, Lakatta E, et al. Personal Communication. 
Busby J, Drinkwater D, Goldberg A, et al. Personal Communciation. 
Lakatta EG, Spurgeon HA. Effect of Exercise on cardiac muscle perfoi%dnce 
in aged rats. Fed Proc 1987; 46:1844-1849. 
Bray, GA. Definition, measurement, and classification of the syndromes of 
obesity. Int J Obesity 1978; 2:99-112. 
Van Itallie, TB. Health implications of overweight and obesity in the 
United States. Ann Intern Med 1985; 103:983-988. 
Hubert HB, Feinleib M, McNamara PM, et al. Obesity as an independent risk 
factor for cardiovascular disease: a 26-year follow-up of participants in 
the Framingham Heart Study. Circul. 1983; 67:968-977. 
Bray, GA. The Energetics of Obesity. Med Sci Sports 1983; 15:32-40. 
Gwinup, G. Effect of Exercise Alone on the Weight of Obese Women. Arch 
Int Med 1975; 135:676-680. 
Drinkwater D, Bleecker E, Meyers D, et al. Personal Communication. 
Hodgson JL, Buskirk ER. Physical fitness and age, with emphasis on 
cardiovascular function in the elderly. J Am Geriatr Sot 1877; 25:385- 
392. 
Dehn MM, Bruce RA. Longitudinal variations in maximal oxygen intake with 
age and activity. J Appl Physiol 1972; 33:805-807. 
Kasch FW, Wallace JP. Physiological variables during 10 years of 
endurance exercise. Med Sci Sports 1976; 8~5-8. 
Ehsani AA, Heath GW, Martin WH III, et al. Effects of intense training on 
plasma catecholamines in coronary patients. J Appl Physiol 1984; 57:154- 
159. 
Ehsani AA, Martin WH III, Heath GW, et al. Cardiac effects of prolonged 
and intense exercise training in patients with coronary artery disease. 
Am J Cardiol 1982; 50:246-253. 
Kannel, WB. Prevalence and natural history of electrocardiographic left 
ventricular hypertrophy. Amer Jour Med 1983; 25:4-11. 
Borkan GA, Hults DE, Gerzof AF, et al. Age changes in body composition 
revealed by computed tomography. J Gerontol 1983; 38:673-677. 
Tzankoff SP, Norris HA. Effect of muscle mass decrease on age-related BMR 
changes. J Appl Physiol 1977; 43:1001-1006. 
Allwood MJ. Blood flow in the foot and calf of the elderly; a comparison 
with that in young adults. Clin Sci 1958; 17:331-338. 
Permutt S, Martini HB. Stasis pressure-volume characteristics of lungs in 
not-ma1 males. J Appl Physiol 1960; 15:819-825. 
Shepherd RJ. Physical Activity and Aging. London: Crown Helm Ltd, 1978. 
Schocken DD, Blumenthal JA, Port S, et al. Physical conditioning and left 
ventricular performance in the elderly: Assessment by radionuclide 
angiocardiography. Am J Cardiol 1983;52:359-364. 
DeFronzo, RA. Glucose Into1 erance and Aging: Evidence for tissue 
insensitivity to insulin. Diabetes 1979; 28:1095-1101. 
Rowe JW, Minaker KL, Palotta JA, et al. Characterization of the insulin 
resistance of aging. 3 Clin Invest 1983; 71:1581-1587. 
Fink RI, Kolterman OG, Griffin J. et al. Mechanisms of insulin resistance 
in aging. J Clin Invest 1983; 71:1523-1534. 
Stout, RW. Insulin and Atheroma - An Update. Lancet 1987; 1:1077-1079. 
Chen M, Bergman RN, Pacini G, et al. Pathogenesis of age-related glucose 
intolerance in man: insulin resistance and decreased B-cell function. J 
Clin Endocrinol Metab 1985; 60:13-20. 
Rowe JW, Troen BR. Sympathetic nervous system and aging in man. Endocr 

c -17 



76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 
90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

Rev 1980; 1:167-179. 
Brunzell, JD. Pathophysiologic approach to hyperlipidemia In: Yearbook 
of Endocrinology 1984, (eds. Schwartz TB, Ryan WG), Yearbook Medical 
Publishers, Inca., Chicago 1984. pp. 11-30. 
Zimmerman J, Kaufman N, Fainaru M, et al. Effect of Weight loss in 
Moderate Obesity on Plasma Lipoprotein and Apolipoprotein levels and on 
High Density Lipoprotein Composition. Arteriosclerosis 1984; 4:115-123. 
Goldberg AP, Schonfeld G. Effects of diet on lipoprotein metabolism. Ann 
Rev Nutrition 1985; 5:195-212. 
Taskinen MR, Nikkila EA, Valimaki M, et al. Alcohol Induced changes in 
serum lipoproteins and in their metabolism. Amer Heart J 1987; 113:458- 
463. 
Wallace RB, Hunninghake DB, Chambless LE, et al. A screening survey of 
dyslipoproteinemias associated with prescription drug use. The Lipid 
Reserch Clinics Program Prevalence Study. Circul. 1986; 73:70-79. 
Riggs BL, Melton LJ. Involutional Osteoporosis. New Eng J Med 1986; 
314:1676-1696. 
Williams AR, Weiss NS, Ure CL, et al. Effect of weight, smoking and 
estrogen use on the risk of hip and forearm fractures in post menopausal 
women. Obstet Gynecol 1982; 60:695-699. 
Bilke DD, Genant HK, Cann C, et al. Bone Disease and Alcohol Abuse. Ann 
Int Med 1985; 103:42-48. 
Krolner B, Toft B, Nielsen SP, et al. Physical exercise as prophylaxis 
against involutional vertebral bone loss: A controlled trial. Clin Sci 
1983; 64:541-546. 
Smith EL, Reddan W, Smith PE. Physical activity and calcium: modalities 
for bone mineral increase in -aged women. Med Sci Sports Exert 1981; 
13:60-64. 
Aloia JF, Cohn SH, Babu T, et al. Skeletal mass and body composition in 
marathon runners. Metabolism 1978; 27:1793-1796. 
Aloia JF. Estrogen and exercise in prevention and treatment of 
osteoporosis. Geriatrics 1982; 37:81-85. 
Ettinger B, Genant HK, Cann CE. Postmenopausal bone loss is prevented by 
treatment with low dose estrogen with calcium. Ann Int Med 1987; 106:40- 
45. 
Osteoporosis, Consensus Conference. JAMA 1984; X2:799-802. 
Block JE, Smith R, Black D, et al. Does exercise prevent osteoporosis? 
JAMA 1987; 257:3115-3117. 
Collins KJ, Dore C, Exton-Smith AN, et al. Accidental hypothemia and 

, impaired temperature homeostasis in the elderly. Brit Med J 1977; 1:353- 
356. 
Drinkwater BL, Horvath SM. Heat tolerance and aging. Med Sci Sports 
1979; 11:49-55. 
MacLennan WJ, MRP Hass, Timothy JI. Postural hypotension in old age: is 
it a disorder of the nervous system or of blood vessels? Age and Ageing 
1980; 9:25-32. 
Montoye HJ, Willis PW, Cunningham DJ. Heart rate response to submaximal 
exercise: Relation to age and sex. J Gerontol 1968; 23:127-133. 
Roberts MF, Wenger CB, Stolwijk JAJ, et al. Skin blood flow and sweating 
changes following exercise training and heat acclimation. J Appl Physiol: 
1977; 43:133-137. 
Brooks GA, Fahey TD. Exercise in the heat and the cold. In: Exercise 
Physiology: Human Bioenergetic and its applications. Macmillan Publishing 
Company, New York, 1985. pp. 443-469. 
Hartley LH, Saltin B. Reduction of stroke volume and increase in heart 

C -18 



rate after a previous heavier submaximal work load. Stand 3 Clin Lab 
Invest 1968; 22~217-223. 

98. Stegemann, Busert JA, Brock 0. Influence of fitness on the blood pressure 
control system in man. Aerosp Med 1974; 45:45-48. 

99. Greenleaf JE, Bosco JS, Jr., Matter M. Orthostatic tolerance in 
dehydrated, heat-acclimated men following exercise in the heat. Aerosp 
Med 1974; 45:491-497. 

100. Rowe J, Beck JC, et al. Report of the Institute of Medicine: Academic 
Geriatrics for the Year 2000. J Amer Ger Sot 1987; 35:773-791. 

c -19 


